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ABSTRACT

This systematic review and meta-analysis aimed to explore the association between the Mediterranean dietary pattern and inflammation in older
adults. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed. A search of the literature was
conducted up to June 2020 in 7 electronic databases, namely PubMed, Embase, Web of Science, Scopus, Cochrane Library, Cumulative Index
to Nursing and Allied Health Literature (CINAHL), and ProQuest. The Joanna Briggs Institute Critical Appraisal Checklists and the Newcastle-Ottawa
Scale were used to assess the methodological quality. The overall standardized mean difference (SMD) and 95% CIs were estimated in random-effects
meta-analyses. Thirteen studies were identified as having acceptable quality and were included in this systematic review: 3 randomized controlled
trials (RCTs), 1 quasi-experimental study, 1 cohort study, and 8 cross-sectional studies. The circulating C-reactive protein (CRP) concentration was
the most common inflammation indicator used. Results of the meta-analysis on 5 cross-sectional studies revealed a significant inverse association
between the Mediterranean dietary pattern and inflammation as assessed by CRP (SMD =−0.26; 95% CI: −0.41, −0.11; P < 0.001). Other studies that
investigated a variety of inflammation indicators other than CRP showed mixed results with regard to the relation between the Mediterranean dietary
pattern and inflammation in older adults. Our findings suggest that the Mediterranean dietary pattern may be associated with lower inflammation in
older adults. However, more long-term RCTs are required to demonstrate the effects of the Mediterranean dietary pattern on multiple inflammation
parameters in older adults. The study has been registered on PROSPERO (#CRD42020140145). Adv Nutr 2021;12:363–373.
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Introduction
During the past decade, the percentage of population
aged ≥65 y has increased and will continue to increase
in the next 10 y (1). It has been predicted that the
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percentage of older adults worldwide will increase from
11% in 2000 to 22% in 2050 (1). Age-related diseases,
such as sarcopenia, frailty, cardiovascular diseases, and
neurodegenerative diseases, increase the risk of disability
in older adults, resulting in higher health care burden
(2, 3). Inflammation plays a key role in developing age-
related diseases, especially chronic low-grade inflamma-
tion (4–6). Chronic low-grade inflammation is defined as
chronically producing steady and low-level inflammation
that can be indicated by biomarkers of C-reactive protein
(CRP), interleukin (IL-6), and adipokines such as Tumor
Necrosis Factor (TNF-α). Age and dietary patterns both
are crucial factors for inflammation (7, 8), but unlike age,
dietary patterns could be modified to reduce inflamma-
tion.

Since the early 1960s, dietary patterns of Mediterranean
countries have been found to have a beneficial influence on
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health (9). Mortality and morbidity are lower in Mediter-
ranean countries than in the United States and Northern
European countries (10, 11). Recently, the recommenda-
tions from the WHO (12) and other scientific experts
and institutions (9) strongly support the concept that the
Mediterranean dietary pattern may reduce the risk of chronic
diseases. Although a Mediterranean dietary pattern varies
from one country to another, its main components are as
follows: 1) high consumption of MUFAs, vegetables, fruits,
legumes, nuts, and fish; 2) moderate consumption of dairy
products, meats, and wine; and 3) limited consumption
of SFAs. The Mediterranean dietary pattern is healthy,
and it reduces the risk of age-related diseases such as
cancer and cardiovascular diseases, and promotes better
mental health and quality of life in older adults (13–
16).

Most previous studies investigating anti-inflammatory
effects of the Mediterranean dietary pattern have mainly
focused on adults and the results were inconsistent (17–21).
The association between the Mediterranean dietary pattern
and inflammation was different for different age groups (22).
Therefore, the results of studies focusing on adults may not be
applicable to the older population. Although several studies
that discussed the association between the Mediterranean
dietary pattern and inflammation in older adults have been
published recently (23–25), the association between the
Mediterranean dietary pattern and inflammation in older
adults is still not clearly understood. Moreover, previous
systematic reviews and meta-analyses regarding the effects of
a Mediterranean dietary pattern have included a paucity of
studies involving older adults (16, 26–28). In view of these
literature gaps, the purpose of this systematic review and
meta-analysis was to explore the association between the
Mediterranean dietary pattern and inflammation in older
adults.

Methods
This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (29). The protocol for
this review was registered at PROSPERO (registration no.
CRD42020140145).

Selection criteria and search strategy
Inclusion criteria were as follows: 1) studies involving adults
aged ≥65 y, including the mean age (30) regardless of
study settings; 2) studies comparing data on recognized
inflammatory cytokines and adipokines among individuals
with a Mediterranean-type diet defined by the original article
authors; 3) studies with a quantitative study design; and 4)
studies written in English and published in peer-reviewed
journals. Articles were excluded if they were conference
abstracts, commentaries, editorials, letters to the editor,
protocols, and review articles, or if information about age was
missing.

The search strategy aimed to identify published articles
with full texts up to June 2020. Articles were searched in

the following 7 electronic databases: PubMed (NCBI), Em-
base (OVID), Scopus, Web of Science (Thomson Reuters),
Cochrane Library, Cumulative Index to Nursing and Allied
Health Literature (CINAHL, EBSCO), and ProQuest. Key-
words and MeSH (medical subject heading) terms used to
search were as follows: Mediterranean diet, inflammation
(inflammatory OR inflammat∗ OR cytokine∗ OR CRP OR “C
reactive protein” OR interleukin OR “tumor necrosis factor”
OR leukocyte), and older adults (elderly OR aged OR senior
OR geriatric OR “late life” OR elder∗ OR “older people”
OR “older person” OR old∗ OR eld∗). Reference lists of the
retrieved articles were checked to identify additional studies.

Study selection and quality assessment
A total of 2926 papers were initially identified. After
excluding duplicates and after the title and abstract screening,
263 potentially eligible full-text papers were independently
assessed for complete eligibility by 2 reviewers (P-YW and
K-MC) using a 3-point scale (0 = no relevance, 1 = unsure,
and 2 = relevant). Any discrepancies in judgment were
resolved through discussion with a third reviewer (W-
CT). As shown in Figure 1, the most common reason for
excluding studies was relevancy. One of the reasons was
that this review defined older adults as those who were
≥65 y old. However, some initially retrieved studies had an
average age of <65 y. Those studies were excluded from this
systematic review. Another reason was that, although some
initially retrieved studies mentioned Mediterranean diets or
inflammation in abstracts, the focus of these studies was
not on the Mediterranean dietary pattern or inflammation.
Those studies, therefore, were excluded from this systematic
review. Endnote software (version x8.0.1; Thomson Reuters,
NY) was used to group results of the selected studies. If
multiple publications originated from the same study cohort,
only the publication with the most detailed information for
outcomes was included. Finally, a total of 13 studies were
identified and included in this systematic review.

A standardized data-extraction tool suggested by the
Cochrane Collaboration was used. One reviewer (P-YW)
extracted the following data and information from the
eligible studies: last name of the first author, year of pub-
lication, country, study design, number and characteristics
of study population, components of the Mediterranean
dietary pattern, and inflammatory biomarkers. The accuracy
of extracted data was verified by all reviewers. In case
of incomplete or additional information for meta-analysis
calculation, such as the SE or 95% CIs of the results, the study
authors were contacted. However, no reply was received.
Therefore, studies with incomplete or missing information
were not included in the meta-analysis, but they were
discussed in the systematic review.

The Newcastle-Ottawa Scale (NOS) for cohort studies
(31) and cross-sectional studies (32) and Joanna Briggs
Institute (JBI) Critical Appraisal Checklists for randomized
controlled trials (RCTs) and quasi-experimental studies
were used for the quality assessment of the included
studies (33). The NOS consisted of 8 questions assessing
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FIGURE 1 Flow diagram of the study selection process.

3 main domains: selection of participants, comparability
of participants, and assessment of outcome/exposure. The
total score of each cohort study was 9 (31). The version
adjusted for cross-sectional studies consisted of 7 questions,
and the total score was 10 (32). In the NOS, studies
obtaining 1 to 3 points were identified as having low
quality, 4 to 6 points as medium quality, and ≥7 points
as high quality (34, 35). Studies with medium and high
quality were considered as having acceptable quality and
were included in this systematic review. JBI checklists
contain 9 and 13 questions for quasi-experimental studies

and RCTs, respectively. Studies that answered at least half
of the questions with “yes” answers—for example, 5 of
9 items in quasi-experimental studies and 7 of 13 items
in RCTs—were considered as having acceptable quality
to be included in this systematic review (36). Two re-
viewers (P-YW and K-MC) independently assessed the
quality of eligible studies, and consensus between reviewers
was reached. Overall, all the observational studies were
of medium or high quality, and all RCTs and quasi-
experimental studies had “yes” answers for more than
half of the questions on the JBI checklists. Therefore, all

Mediterranean diet and inflammation in older adults 365



of the 13 studies were considered as having appropri-
ate quality and acceptable reporting bias (Supplemental
Table 1).

All of the 13 studies listed inflammation indicators, and
the number of indicators ranged from 1 to 7. Heterogeneity
was observed among the inflammatory indicators, and CRP
was the most commonly used inflammation marker. There-
fore, this meta-analysis used serum CRP concentration as an
indicator of inflammation. Of the 13 studies, 6 cross-sectional
studies were included in the meta-analysis. However, one
of these studies had incomplete data; therefore, 5 cross-
sectional studies were included in the meta-analysis.

Statistical methods
The meta-analysis was conducted using Comprehensive
Meta-Analysis version 2.0 (Englewood, NJ). The overall
standardized mean difference (SMD) and 95% CIs were
estimated in random-effects meta-analysis to determine
the association between adherence to the Mediterranean
dietary pattern and concentrations of CRP. Forest plots were
generated to illustrate the study-specific effect sizes along
with the 95% CI. If the 2-tailed P value was <0.05, the result
was considered significant.

Of studies included in the meta-analysis, the hetero-
geneity between studies was assessed using the Cochran
Q test and the I2 statistic (37). A Q test with α = 0.1, P
< 0.1, indicated that heterogeneity exists. I2 values of 25%,
50%, and 75% indicated a low, medium, and high level of
heterogeneity, respectively. Publication bias was evaluated
using Begg’s rank correlation test and Egger’s intercept test,
with the significance level setting at P < 0.05. Sensitivity
analyses were conducted by excluding the study that reported
the largest effect size (38).

Results
Characteristics of studies and participants
The main characteristics and findings of included studies
are summarized in Table 1. The 13 included studies were
published from 2006 to 2019. Eight were cross-sectional
studies (23, 24, 39–44), 3 were RCTs (25, 45, 46), 1 was a
quasi-experimental study (47), and 1 was a cohort study (48).
Five of the cross-sectional studies were included in the meta-
analysis (23, 24, 41, 43, 44). Six effect sizes were reported
in this meta-analysis because 1 study performed gender-
stratified analyses and provided separate results for men and
women (23). The 13 studies were conducted in the following
countries: China (23), Spain (42, 45, 47), Italy (24), Germany
(44), Norway (46), United Kingdom (25, 39, 48), and the
United States (41, 43). One of the cross-sectional studies (40)
was conducted across cities in multiple European countries:
France, Greece, Italy, Germany, and Poland.

The reviewed articles reported results from 10,936 older
adults in cross-sectional studies, 1408 older adults in inter-
vention studies, and between 456 and 669 older adults in the
cohort study. The smallest sample size was 20 participants

in the quasi-experimental study (47), followed by 73 partic-
ipants in one of the RCTs (25), and 194 participants in one
of the cross-sectional studies (24). One study included only
male participants (46), and the remaining studies included
both genders. Most of the participants in the included studies
were ≥65 y of age, but participants in 1 study were ≥64
y old (46) and in another study participants were >60 y
old (40). One study focused on adults aged 55–80 y (45)
and another did not define older adults (47). Most studies
recruited healthy community-dwelling older adults, 2 studies
included participants with risk of cardiovascular diseases (42,
45), 1 study included patients with acute diseases (24), and 1
study focused on patients with coronary artery disease (44).

Dietary components of a Mediterranean dietary pattern
in the studies included in this review were higher intakes of
vegetables, fruits, fish, legumes, and nuts and lower intakes
of SFAs. MUFA was also the main component in some
studies (23–25, 40–43, 47, 48). In all of the 3 RCTs, dietary
recommendations were provided for both the intervention
group and control group. The dietary recommendations
for the control group were a low-fat diet according to the
American Heart Association guidelines, a healthy diet based
on national dietary guidelines, and a habitual diet. The
quasi-experimental study used a crossover design in which
a Mediterranean diet, a low-fat and high-carbohydrate diet
enriched in n–3 PUFAs, and an SFA-rich diet were provided
to all participants in different periods. In 2 RCTs, the cohort
study, and the 8 cross-sectional studies, a food-frequency
questionnaire (FFQ) was used to measure dietary intakes.
The remaining RCT used 7-d dietary records (25), and the
quasi-experimental study used both 3-d dietary records and
an FFQ to measure dietary intakes. However, one of the
cross-sectional studies did not report how the dietary pattern
was assessed (24).

Inflammation biomarkers examined in the included stud-
ies varied, and the frequently assessed indicators were CRP,
IL-6, and TNF-α, which were assessed most commonly by
ELISA (23, 41–43, 45–48). Other inflammation indicators
assessed were fibrinogen, IL-1β , IL-2, IL-18, IL-22, IL-23,
monocyte chemoattractant protein 1 (MCP-1), intercellular
adhesion molecule 1 (ICAM-1), vascular cell adhesion
molecule 1 (VCAM-1), and myeloperoxidase.

Mediterranean dietary pattern and inflammation
Two of the RCTs (45, 46) reported that higher adherence to
the Mediterranean diet showed decreased concentrations of
CRP (−0.54 and −0.34 mg/L, respectively) and IL-6 (−1.6
and −0.2 pg/mL, respectively) in older adults. TNF-α was
assessed in 1 RCT (46), and it was decreased. Other reported
inflammation markers were MCP-1 (45, 46), IL-2 (25), IL-18
(46), IL-22 (25), ICAM-1 (42, 45), and VCAM-1 (45). Mixed
effects of the Mediterranean dietary pattern on inflammation
were found.

The participants in the quasi-experimental study followed
a Mediterranean dietary pattern with virgin olive oil for 3
wk, and it was found that the concentration of postprandial
plasma IL-6 (P < 0.001) was increased. However, while
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FIGURE 2 Random-effects meta-analysis of studies quantifying the association between the Mediterranean dietary pattern and
circulating CRP concentration in older adults. SMDs and 95% CIs (lower limit, upper limit) are shown. An SMD <0 indicates decreased CRP
concentration. A larger forest plot point reflects a study with heavier relative weight. CRP, C-reactive protein; SMD, standardized mean
difference.

compared with 2 other types of dietary patterns, a statistically
significant difference was not found in postprandial plasma
IL-6 (P = 0.933) and TNF-α (P = 0.723) with the Mediter-
ranean dietary pattern.

After a follow-up period of 3 y, Luciano et al. (48) in a
cohort study found that participants with higher adherence
to the Mediterranean dietary pattern had significantly de-
creased CRP (r = −0.10, P = 0.030) concentrations. How-
ever, no association was found between the Mediterranean
dietary pattern and serum concentration of IL-6 (r = −0.07,
P = 0.070) after 3 y.

As shown in Figure 2, the meta-analysis pooled the out-
comes for 5 cross-sectional studies reporting SMDs to show
the association between the Mediterranean dietary pattern
and CRP concentrations in older adults. The Mediterranean
dietary pattern was significantly associated with a greater
reduction in CRP (SMD = −0.26; 95% CI: −0.41, −0.11; P
< 0.001).

The Cochrane Q and I2 tests were 23.8 and 79.0%, re-
spectively, indicating high heterogeneity among the included
studies. Sensitivity analysis was conducted to examine the
robustness of results by excluding the study with the largest
effect size, resulting in an SMD of −0.20 (95% CI: −0.35,
−0.06; P = 0.004). According to Egger’s regression test and
Begg’s rank test, publication bias was absent in the analyses
(P = 0.80 and 1.00, respectively).

Discussion
To our knowledge, this is the first systematic review and
meta-analysis to focus on the relation between a Mediter-
ranean dietary pattern and inflammation in older adults.
The results of the current meta-analysis indicated an inverse
association between the Mediterranean dietary pattern and
inflammation with CRP concentrations. The included RCTs
also revealed that a higher intake of a Mediterranean
dietary pattern leads to a reduction in both CRP and IL-6
concentrations.

In this review, studies using MUFAs or olive oil as one of
the components of a Mediterranean dietary pattern showed a

significant reduction in CRP. Olive oil is rich in MUFAs and
polyphenols, which may possess anti-inflammatory prop-
erties (49). The anti-inflammatory mechanism of MUFAs,
however, is still unknown and requires more investigation.

In addition to MUFAs or olive oil, other components of
the Mediterranean dietary pattern may also contribute to
the decrease in CRP. Long-chain n–3 fatty acids may be
associated with improved serum CRP and IL-6 concentra-
tions. Fish is a major source of the long-chain n–3 fatty
acids DHA and EPA, which are associated with a reduction
in serum CRP in older adults (50). Long-chain n–3 fatty
acids inhibit the activation of proinflammatory transcription
factors to lower the expression of inflammation-associated
genes, such as cyclooxygenase-2 (COX2), and to increase
the activation of anti-inflammatory transcription factors,
such as peroxisome proliferator-activated receptor γ (51,
52). In addition, legumes, nuts, vegetables, and fruits also
reduce concentrations of inflammatory markers. Legumes
and nuts have high amounts of plant proteins, dietary fiber,
phytochemicals, and ɑ-linolenic acid to protect against in-
flammation (53, 54). Vegetables and fruits are rich sources of
polyphenols (55) and are also high in antioxidants, including
carotenoid, vitamin C, phytochemicals, and dietary fiber,
to decrease CRP and other inflammatory cytokines (56).
One of the possible mechanisms is that these antioxidants
suppress the production of reactive oxygen species (ROS) and
remove ROS from cells, which inhibits the translocation of
NF-κB to decrease cyclooxygenase-2, which is related to the
production and release of CRP and IL-6 (57). Moreover, red
meat and its products are the major sources of SFAs. A lower
intake of SFAs is related to lower inflammatory cytokines
due to decreased induction of inflammation-associated genes
(58).

Not all dietary components of a Mediterranean diet pat-
tern were the same in the included studies in this systematic
review. However, the most essential dietary components of
a Mediterranean dietary pattern, such as higher intakes of
vegetables, fruits, fish, legumes, and nuts and lower intakes of
SFAs, were used in all of the studies that were included in this
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review. Those essential dietary components may have anti-
inflammation properties. However, complex interactions
and synergistic effects occur among the aforementioned
components and nutrients in diet. Therefore, to reduce
inflammation, a dietary pattern is better than a single food
group or nutrient (59).

Limitations
This systematic review and meta-analysis has some limita-
tions. First, few articles were included in the meta-analysis;
hence, the statistical power may be limited. Second, this
review included 1 article from the Prevención con Dieta
Mediterránea (PREDIMED) study, which had the proposed
characteristics of a well-designed RCT such as effective
randomization (60). However, the quality of other included
RCTs in this systematic review varied. The study design of
the PREDIMED study was notably better than that of other
RCTs. Therefore, although the effect of a Mediterranean
dietary pattern on decreased concentrations of CRP was
reported in the RCTs in this review, more RCTs with larger
sample sizes would be needed to demonstrate the effect of
a Mediterranean dietary pattern on inflammation markers.
Third, heterogeneity in this meta-analysis was significantly
high. Differences in the sample population, methods used to
evaluate the adherence to a Mediterranean dietary pattern,
and the limited number of included studies may have
contributed to the observed heterogeneity. Fourth, factors
other than the Mediterranean dietary pattern may influence
inflammation. Only 1 cross-sectional study adjusted for
confounding factors. Although this study was included in
the meta-analysis and had results similar to the RCTs and
the cohort study, the effects of confounding factors could
not be excluded, which may affect the power to report the
effect of Mediterranean dietary patterns. In addition, this
review was limited to cytokines and adipokines as markers
of inflammation. Finally, most participants in the included
studies were community-dwelling older adults, which may
limit the generalizability. The results of this review may not
be applicable to older adults living in institutions. Therefore,
more studies are needed to identify the association between a
Mediterranean dietary pattern and inflammation in the older
population in different settings.

Clinical implications
The results of this review suggest that the Mediterranean
dietary pattern is related to a reduction in chronic, low-grade
inflammation in older adults. Inflammation contributes to
the process of aging and age-related diseases (5). The anti-
inflammatory effect of the Mediterranean dietary pattern
may lead to healthy aging in older adults (61) and a decrease
in health care costs.

Conclusions
In this meta-analysis, an inverse association between the
Mediterranean dietary pattern and inflammation was iden-
tified in older adults. The results reported in the RCTs
and the cohort study also supported the association of the

Mediterranean dietary pattern with lower CRP concentra-
tions in older adults. Few studies were reviewed in this
systematic review, and additional long-term RCTs are needed
to gain insight into the effects of a Mediterranean dietary
pattern on older adults. Moreover, further research could
examine “how” the Mediterranean dietary pattern relates to
inflammation and the “dose-response” in-depth.
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